This paper reports a study based upon experimental investigation which aims to assess the behaviour of reinforced concrete columns strengthened with a new configuration of steel wire mesh as part of ferrocement layer under the action of axial compression loads. Square and circular small scale columns with three different slenderness ratios of 5, 6.7 and 10 were adopted. A comprehensive experimental progarmme was then running to measure the load capacity and both lateral and vertical displacements. The failure mode was also monitored for each tested case. The results obtained was compared with the reference column samples (without wire mesh) and with some expressions suggested by ACI Code. The experimental results showed that the most influential parameter on the property of load carrying capacity is the slenderness of column. As the slenderness increases, the load capacity clearly decreases. The use of wire mesh enhanced the capability of column to resist the axial loads due to confinement role provided by such material. The maximum percentage increase in load carrying capacity for the modified columns compared with those for the reference samples was 53% for the circular column at slenderness ratio of 10. The critical path of the failure mode was similar for all of the tested columns and normally began from the top or bottom ends, then, in some cases, passed through the middle zone of the column. A suitable expression was suggested to be used for calculating the modulus of elasticity of the tested column based upon the value of load carrying capacity under compression loads.
Introduction
Column members are mainly designed to resist the imposed axial loads of the structure and the global behaviour of such members depends upon the strength of the material used, nature of end supports and the length/ radius ratio. If the column is classified as a long column in which its cross-sectional dimensions are small compared with its length, then the propagated bending moments should be taken into consideration [1] . The main causes of the damaged concrete columns are the brittle behaviour, insufficient resistance to the shear transverse and relatively small length of lap-spliced of the hoops [2] [3] [4] . In some cases, the aforementioned factors combined, and then complete failure is occurred. Therefore, it is necessary to investigate the technique to strengthen the corroded column in order to improve its performance.
The traditional perception for increasing the compressive, bending and shear strengths of columns is by using longitudinal and transverse steel reinforcements. Some of the modern concepts have an orientation to modify the interior composition of columns, for instance using fiber-reinforced polymers (FRP), especially in strengthening the damaged once due to corrosion of steel reinforcement or other situations [3] [4] . However, this attitude incorporates increasing the cost of maintenance due to the high cost of FRP.
The other way in improving the load carrying capacity of column adopting nowadays is by confining technique throughout a steel wire mesh. This technique is so called ferrocement which is usually applied with a cement mortar to act as an outer layer for the reinforced concrete column [5] [6] [7] . There are different configurations of the steel wire mesh with a small diameter reached to about 1.5 mm. This leads to a higher specific surface resulting in higher bond strength with the mortar. Consequently, homogenous composition can be achieved with a minimal crack space when the ferrocement is applied as small thickness layer [6] . On this basis, some standards specify the minimum covers of ferrocement to be 5 mm when the concrete columns subjected to the environmental effect [5] [6] [7] .
Many studies pointed out that the ferrocement technique involves improvements in tensile and flexural strengths, toughness, fracture, fatigue resistance and the impact resistance. This can be attributed to the uniform dispersion of reinforcement in the concrete matrix [5] [8] . As its components are available in worldwide combined with the low level of skill required to the fabrication, ferrocement is considered to be an appropriate confinement material for the structural elements. In such a manner, the core of column can be made with a concrete of relatively low compressive strength.
Although much attention has been bid in the field of enhancing the load carrying capacity of concrete columns, however, more efforts are need to investigate the effect of ferrocement composition on columns with different geometries. In this study, the behaviour of reinforced concrete columns under axial loads with different slenderness ratios and geometries strengthened with a thick steel wire mesh was investigated throughout experimental programme. The results obtained were compared with the reference column samples and with expressions suggested by the relevant codes of practice. Margins, column widths, line spacing, and type styles are built-in; examples of the type styles are provided throughout this document and are identified in italic type, within parentheses, following the example. Some components, such as multi-leveled equations, graphics, and tables are not prescribed, although the various table text styles are provided. The formatter will need to create these components, incorporating the applicable criteria that follow.
Experimental Programme

Material Used
Normal concrete formulated from ordinary Portland cement, natural sand for building purposes and crushed coarse aggregate with a nominal particle size of 5 mm were used in this study. The ordinary Portland cement compliant with ASTM C150-07 [9] manufactured by the Lafarge Company, while both of the fine and coarse aggregates satisfied the grading limits as required in ASTM C33-03 [10] . Table 1 BRC steel bars with a nominal diameter of 6 mm was used in reinforcing both longitudinal and lateral directions, as shown in Figure 2 . The properties of BRC steel bars are presented in Table 2 , and they comply with requirements of ASTM A615/A615M-01b: Grad 40 [11] .
A steel wire mesh with a thickness of about 1.5 mm and trapezoidal opening was used to formulate the ferrocement layer. It has a hard angle each 100 mm and was supplied as a roller of 1 m width, as shown in Figure 3 . Table 2 shows the mechanical properties of the steel wire mesh used in this study. A cement mortar with a mix proportion of 1:3 by volume was adopted in constructed ferrocement layer. 
Casting the Columns
Wooden and plastic moulds were designed to site the geometries of the concrete columns. All of the moulds were 1 m in height. The cross-section diameters of plastic moulds were 10 cm, 15 cm and 20 cm, while the wooden moulds were formulated to have a rectangular cross-section with a side length of 10 cm, 15 cm and 20 cm, as shown in Figure 4 . Before running the casting process, the moulds were coated with oil and tied enough in order to prevent adhere the concrete and keeping the mixing water required for the cement hydration. The longitudinal steel bars were distributed within the column so that the minimum steel area is achieved for each geometry as per in ACI Code 10.9.1 [12] . Moreover, the spacing between steel bars was adjusted to be more than ¾ maximum size of aggregate and diameter of steel bar. For each column configuration, the transverse steel bars were distributed at 250 mm c/c meaning 4 stirrups along the column height. The concrete cover was kept to be 40 mm. Figure 5 shows the geometries of the column samples and their reinforcement details. The ferrocement layer was then applied for the modified column samples with a thickness of about 1 cm and the wire mesh placed in form of jacket, as shown in Figure 6 . In this study, the term "reference samples" refer the normal reinforced columns, while the term "modified samples" is used to refer to the reinforced columns incorporated ferrocement layer. The casting of the concrete was performed using a 0.1 m3 vertical portable mixer.
After 24 h the samples were demoulded and curried using wiped polypropylene sheet until the date of the test and the average result of two specimens was taken for each test.
Set-Up of the Axial Compressive Tests
The load carrying capacity of the column specimens were measured using a manually controlled compression machine with a maximum load capacity of 2000 kN, as shown in Figure 7 . A constant loading rate of 0.3 MPa/s was used throughout the tests. Load, vertical and lateral displacements were recorded until specimen failure and the maximum load in kN was recorded. Figure 8 shows the locations of the measured vertical and lateral displacements using linear potentiometers. Before placing the column samples in the testing machine, they were painted white in color in order to monitor the failure mode as shown in Figure 9 .
Results and Discussions
The results obtained for the load carrying capacity of the column samples with different geometries and slenderness ratios are shown in Figure 10 and Figure 11 . It can be seen that the slenderness ratio (l/ t or l/d) has a major effect in determinate the load carrying capacity of all of the tested columns. As the slenderness ratio increases, the load capacity clearly decreases. This was expected due to the shear transverse associated with the column of high slenderness ratio which increases the probability of failure within a short term [3] [4]. In turn, column samples with lower slenderness ratios exhibited more capability to support the applied loads. On this basis, for design purposes [13] , the slenderness effect on the wall or column behaviour can be introduced by multiplying the section capacity by a reduction factor, R, so that
where slender P is the load carrying capacity of slender column; m A is the cross-sectional area of the reinforced concrete column; m F is the compressive strength of the reinforced concrete column; and R is a reduction factor due to the effect of slenderness.
It was obviously the increasing in load carrying capacity for the modified column samples in comparison with those of reference samples for both square and circular geometries. In except for the square column with slenderness ratio of 6.7, the former increases seem to be ascending linearly with the slenderness ratio. This attitude may be explained by the confinement effect of wire mesh which enhance the lateral resistance, thus the sustain capacity of axial the load will increase.
Percentage increases in load carrying capacity for square modified columns compared with those of reference samples with slenderness ratios of 5, 6.7 and 10 reached 25%, 7% and 35% respectively. The corresponding percentage increases for the circular columns were 26%, 35.5% and 53% respectively.
It would be interested to mention that the square columns showed more load carrying capacity than those of circular sections. The maximum value of load carrying capacity for the square columns was 295 kN at slenderness ratio of 5, while the corresponding value for the circular columns was 235 kN at the same level of slenderness ratio. This difference may be attributed to two aspects: the first is the contact area of square sample with the upper platen of testing machine is more, consequently more confinement is obtained. The second is due to high potential of square samples to resist the lateral expansion resulting in more axial load carrying capacity.
For normal reinforced concrete columns (reference samples), the code of practice [14] suggests Equation (2) The calculated results of load carrying capacity according to Equation (2) are presented in Figure 10 and Figure 11 in combined with the experimental measurements of both reference and modified column samples. Slight differences were observed between the calculated and measured results for the reference column samples. This manner may be due to the imperfection effect which involves small eccentricities in applying the axial load in addition to the deviation in the level of quality control. Some of codes of practice [15] set out the maximum value of construction or loading imperfection to be ( ) Based upon the aforementioned results, the area of stirrup reinforcement can be reduced by the amount of increasing in the load carrying capacity when the wire mesh is used. Applying the equation for the confining effect on the compressive strength of the spiral column suggested by [16] with some modifications to suite the ferrocement case, the reduction in the area of stirrup reinforcement can be express as follow: A. Al-Sibahy Figure 13 . Lateral and vertical displacements of square columns for various slenderness ratios.
with the increasing in slenderness ratio of column. Same behaviour was also noted for the vertical displacement. This is well known when columns tend to fail under axial loads due to influence of tensile stresses propagated at mid height of column. In general, square columns exhibited less vertical and lateral deformations than those for circular columns. These results consistence with those obtained for the load carrying capacity and can be explained by the capability of square section to accommodate the deformations under the applied loads. Moreover, modified columns showed greater values of deformations compared with those for the reference samples for both section geometries. This indicative for the effect of wire mesh which led to increase the ductility of column and allows for more deformation to occur before complete failure.
The maximum vertical and lateral displacements were reordered for modified square columns at 6 mm and 3 mm respectively.
Consideration of the stress-strain characteristics of the column samples, the modulus of elasticity can be calculated. To achieve this, the average vertical strains and their corresponding compression stresses were considered. The strain value was calculated by dividing the average vertical displacement over the total height of the column (1000 
Conclusions
This study was undertaken to evaluate the behaviour of reinforced concrete columns with different geometries enhanced by a ferrocement layer under axial compression loads based upon the experimental approach. The main significant findings of this study can be summarised as follows:
1. The slenderness was the most governing parameter on the behaviour of concrete columns under axial compression loads. The load carrying capacity of column was clearly decreased with an increase of slenderness ratio.
A notable improvement in the values of load carrying capacity of the column sam-
ples is containing wire mesh when they compare with those obtained for the reference samples.
3. For both reference and modified samples, the square columns exhibited higher load capacity than those for the circular columns. Such behaviour results from more contact area of square samples as well as their higher potential to resist the lateral expansions.
4. Identical behaviour was noted for both vertical and lateral displacements where they seem to be increased with an increase of slenderness ratio.
5. The modulus of elasticity of the tested columns can be approximately calculated as 260 multiplied by the value of the compressive strength for each specified column.
6. In general, the failure mode starts to propagate at the upper or lower end of the sample then continues to a certain zone based on the ductility of the tested column.
All of the tested samples tend to be as a brittle material under the action of axial loads.
